Introduction
============

Endometrial carcinoma (EMC) is a common malignancy in developed countries and its mortality is approaching that of cervical cancer. The age of patients with EMC ranges widely, from young adults to elderly women, but the overall population is currently aging. The majority of data in the literature indicate that advanced age is a predictor of poor outcome in patients with EMC ([@b1-mco-0-0-1680]--[@b5-mco-0-0-1680]). Focusing on elderly women (aged ≥70 years), EMC specific to this subpopulation may be of particular interest. The number of EMC patients aged ≥70 years has gradually increased in Japan as well, recently reaching \~20% of all EMC cases ([@b6-mco-0-0-1680]).

The prognosis of patients with EMC is associated with variable pathological factors, including histological type, tumor grade ([@b7-mco-0-0-1680]), depth of myometrial invasion and lymphovascular invasion ([@b8-mco-0-0-1680]), as well as clinicopathological stage as determined by the International Federation of Gynecology and Obstetrics (FIGO) classification ([@b9-mco-0-0-1680]), which is a critical determinant of the prognosis of EMC, irrespective of its histological type. Tumor grade is essentially prognostic for endometrioid carcinoma, but not for type II EMC, as this type has the potential to behave aggressively ([@b10-mco-0-0-1680]). Type II EMC, which comprises serous carcinoma and clear cell carcinoma, accounts for the higher proportion of cases among post-menopausal rather than pre-menopausal women. Advancing age is associated with an increasing tendency toward high-grade endometrioid carcinoma and a likelihood of type II EMC, but the histological characteristics do not appear to be able to fully explain the unfavorable prognosis of elderly EMC patients. An additional factor may be that a relative lack of immune competence may be more prevalent among elderly patients ([@b11-mco-0-0-1680]).

Estrogen receptor (ER) is highly expressed in endometrioid carcinoma, particularly G1/2, showing a strong dependency on estrogenic growth. However, ER expression in type II EMC, i.e., high-grade carcinoma, such as endometrioid carcinoma G3, serous carcinoma, clear cell carcinoma and carcinosarcoma, is negative or mild, if present ([@b12-mco-0-0-1680]). The expression of p53 tends to be enhanced in type II EMC, represented by serous carcinoma ([@b13-mco-0-0-1680],[@b14-mco-0-0-1680]). The immunohistochemical 'ER (+) and p53 (−)' staining pattern is an indicator of endometrioid carcinoma G1/2, whereas the reverse pattern favors type II EMC. Ki-67 is an excellent marker for defining the proliferation status of tumor cells ([@b15-mco-0-0-1680]), but the prognostic value of Ki-67 expression in EMC also remains controversial ([@b16-mco-0-0-1680]--[@b20-mco-0-0-1680]).

In the present study, attention was focused on age specificity (≥70 years) in early-stage EMC (FIGO I or II), and an attempt was made to divide elderly EMC patients into subpopulations based on outcome.

Patients and methods
====================

### Patient selection

The cutoff age for elderly women with EMC was defined as ≥70 years. These elderly patients were selected from the archives of all EMC patients (n=1,171) who had been treated at Kanagawa Cancer Center (Yokohama, Japan) between 1985 and 2011. Among patients aged ≥70 years, 79 were preoperatively staged as FIGO I or II, and the clinicopathological factors were postoperatively confirmed after total abdominal hysterectomy and salpingoophorectomy, with or without regional lymphadenectomy. Neither preoperative chemotherapy nor irradiation had been performed. The study protocol was approved by the Institutional Review Board of the Kanagawa Cancer Center, and informed consent was obtained from all patients.

Endometrioid carcinoma G1/2 and mucinous carcinoma were categorized as type I, whereas other types of carcinomas, including serous carcinoma, clear cell carcinoma, undifferentiated carcinoma and carcinosarcoma, were categorized as type II EMC.

### Immunohistochemistry

Representative formalin-fixed and paraffin-embedded tissue blocks were cut into 4-μm sections for the immunohistochemical staining of ER, Ki-67 and p53. The sections were deparaffinized, and endogenous peroxidase activity was quenched with 0.3% hydrogen peroxide. Heat-induced antigen retrieval was applied using an autoclave in citrate buffer (10 mM, pH 6.0) at 121°C for 15 min. The sections were incubated with the following primary antibodies: ER (rabbit monoclonal, clone SP1, 1:1, Ventana, Tucson, AZ, USA); Ki-67 (mouse monoclonal, clone MIB-1, 1:50, Dako, Glostrup, Denmark), and p53 (mouse monoclonal, clone DO-7, 1:50, Dako). After rinsing in phosphate-buffered saline (10 mM/l, pH 7.2), the sections were incubated with the Envision Kit (Dako) for 30 min at room temperature. The reaction products were visualized with diaminobenzidine tetrahydrochloride.

The immunoexpression of ER, Ki-67 and p53 was semi-quantitatively evaluated as low (−) or high (+) as follows: ER (−) \<30% vs. (+) ≥30%; Ki-67 (−) \<30% vs. (+) ≥30%; and p53 (−) \<80% vs. (+) ≥80%.

### Statistical analysis

The Fisher\'s exact test was used to analyse the association between outcome and pathological factors, namely histological type, myometrial invasion depth and vascular invasion. The outcome was determined using disease-free survival (DFS) and overall survival (OS) rates. DFS was defined as the time from the date of surgery to the date of first recurrence, which was detected by imaging examinations. OS was calculated from the date of surgery to the date of death. OS and DFS were estimated using the Kaplan-Meier method, and the differences between survival rates were compared by the log-rank test. Data from survivors were censored at the last follow-up. Multivariate analyses applying the Cox proportional hazards regression model were used to assess an independency as a prognostic factor. Differences with P\<0.05 were considered as statistically significant. All statistical analyses were performed using SPSS ver. 20 (IBM Corp., Armonk, NY, USA).

Results
=======

### Pathological presentations

According to the histological diagnosis of EMC, the 79 patients were grouped into 54 cases with type I EMC (52 endometrioid carcinomas G1/2 and 2 mucinous carcinomas) and 25 cases with type II EMC (11 endometrioid carcinomas G3, 8 serous carcinomas, 3 clear cell carcinomas, 2 carcinosarcomas and 1 undifferentiated carcinoma). If an EMC was mixed (type I and type II), it was categorized as type II EMC ([Table I](#tI-mco-0-0-1680){ref-type="table"}). In the univariate log-rank analysis, the histological type tended to adversely affect the outcome, but a critical correlation between the two was not statistically confirmed ([Table II](#tII-mco-0-0-1680){ref-type="table"}). Neither myometrial invasion depth nor lymphovascular invasion were apparently correlated with the outcome ([Table II](#tII-mco-0-0-1680){ref-type="table"}).

### Immunohistochemical analysis

According to the semi-quantitative evaluation of immunohistochemical staining ([Fig. 1](#f1-mco-0-0-1680){ref-type="fig"} and [Table I](#tI-mco-0-0-1680){ref-type="table"}), 57 cases had ER (+) vs. 22 cases with ER (−); 24 cases had Ki-67 (+) vs. 55 cases with Ki-67 (−); 29 cases had p53 (+) vs. 50 cases with p53 (−). The percentage of cases with ER (+), Ki-67 (+) and p53 (+) for type I EMC was 85.2, 25.9 and 25.9 %, respectively, and for type II, 44, 40 and 60%, respectively. The univariate log-rank analysis was followed by multivariate Cox regression analysis, in which ER (P=0.03) and p53 (P=0.03) expression were demonstrated to be independent prognosticators for shorter survival.

### Kaplan-Meier method

The follow-up period for survivors ranged from 0 to 120 months, with a median of 87 months. At the last follow-up, 92.4% of the patients were still alive, 10.1% experienced recurrence, and 7.6% had succumbed to their disease. Kaplan-Meier survival curves demonstrated that ER is associated with DFS: (+) vs. (−) = 113.4 vs. 101.9 months, respectively (P=0.09), and that ER (−) is significantly associated with shorter OS: (+) vs. (−) = 117.1 vs. 103.8 months, respectively (P=0.01) ([Fig. 2](#f2-mco-0-0-1680){ref-type="fig"}). p53 (+) was found to be closely associated with shorter DFS: (+) vs. (−) = 99.2 vs. 116.5 months, respectively (P=0.01), as well as a shorter OS: (+) vs. (−) = 105.0 vs. 118.3 months, respectively (P=0.01) ([Fig. 2](#f2-mco-0-0-1680){ref-type="fig"}). Ki-67 (+) was found to be associated with shorter DFS: (+) vs. (−) = 102.8 vs. 113.6 months, respectively (P=0.09), but not with OS: (+) vs. (−) = 102.8 vs. 115.8 months, respectively (P=0.10).

Discussion
==========

It was reported that poor outcome is correlated with lymphovascular invasion ([@b8-mco-0-0-1680]), aggressive histology and cervical invasion in early (stage I or II) EMC in the multivariate analysis ([@b1-mco-0-0-1680]). In addition, elderly EMC patients (≥70 years) appear to have worse outcomes compared with younger patients, regardless of other poor prognostic factors, and EMC also appears to be intrinsically more aggressive in elderly patients. The cutoff age of 70 years is arbitrary, but it has been used extensively in the medical literature when comparing elderly and younger patients ([@b1-mco-0-0-1680]). Since the greater majority of patients with EMC are in the seventh decade of life or older and have acquired comorbidities, it is a reasonable hypothesis that overall survival will be age-dependent ([@b1-mco-0-0-1680],[@b21-mco-0-0-1680]--[@b25-mco-0-0-1680]). However, the significance of age as a prognostic factor remains controversial when risk-adjusted for the higher prevalence of adverse prognostic factors in elderly EMC patients ([@b21-mco-0-0-1680]).

Among EMCs arising in elderly women, type II EMC has a higher incidence compared with that in younger women ([@b25-mco-0-0-1680]). In our experience, type II EMC, including mixed carcinoma, accounts for \~40% of the cases. Serous carcinoma with an aggressive behavior ([@b10-mco-0-0-1680],[@b26-mco-0-0-1680]), representing type II EMC, is often found to have an extrauterine spread (stage IV), irrespective of the absence of myometrial invasion or lymphovascular invasion ([@b7-mco-0-0-1680],[@b27-mco-0-0-1680]--[@b29-mco-0-0-1680]). In the present study, the examined EMC patients aged ≥70 years were confined to stage I or II, and advanced cases with extrauterine spread were not included. Our preliminary study with stage I or II EMC, arising in patients in their fifth (368 cases) and sixth (251 cases) decades of life, indicated that histological type and lymphovascular invasion are associated with outcome (data not shown). Subsequently, an association of myometrial invasion depth with outcome was noted in patients in the fifth decade, but not in those in the sixth decade of life. In patients aged ≥70 years, no statistically significant correlations were demonstrated for these factors ([Table II](#tII-mco-0-0-1680){ref-type="table"}).

The FIGO grading system of endometrioid carcinoma relies first and foremost on the glandular architecture. The architecture usually corresponds well to nuclear grade, but nuclear grade is often a more reliable indicator of prognosis ([@b30-mco-0-0-1680],[@b31-mco-0-0-1680]). The majority of endometrioid carcinomas G1/2 react with ER on immunohistochemical staining, and staining for ER and progesterone receptor (PgR) may prove to be of some value in determining which patients may be suitable for hormonal therapy ([@b32-mco-0-0-1680]). p53 mutations are found in 5-10% of all endometrioid carcinomas, but occur in 50% of endometrioid carcinomas G3, and even more frequently (90%) in serous carcinoma ([@b12-mco-0-0-1680]--[@b14-mco-0-0-1680],[@b33-mco-0-0-1680]--[@b35-mco-0-0-1680]). On the contrary, ER and PgR expression is absent or only weak in serous carcinomas ([@b28-mco-0-0-1680]).

As shown in the Kaplan Meier curves, the 'ER (−) and p53 (+)' pattern is considered a promising prognostic indicator for predicting an unfavorable clinical outcome in elderly EMC patients ([Fig. 2](#f2-mco-0-0-1680){ref-type="fig"}). However, this pattern is usually an indicator of serous carcinoma with the risk of an aggressive clinical course. Some of endometrioid carcinomas G1 exhibit high-grade nuclear atypia without solid growth (identical to grade 1 architecture), which is the basis for raising the grade from 1 to 2 ([Fig. 1](#f1-mco-0-0-1680){ref-type="fig"}), particularly in elderly patients. Therefore, it is considered that these cases should be treated as high-grade/type II EMC rather than endometrioid carcinoma G2 (low-grade/type I EMC).

With the aid of immunohistochemical staining ([@b36-mco-0-0-1680]--[@b38-mco-0-0-1680]), prognostication of EMC may be achieved to a greater extent. In order to predict EMC with aggressive potential, which appears to increase in association with patient age, the 'ER (−) and p53 (+)' pattern may become an easily applicable indicator. Elderly patients with EMC must be closely followed up, as these tumors occasionally exhibit an intrinsic aggressiveness, regardless of low-grade/type I appearance of endometrioid carcinoma.
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![Endometrioid carcinoma (magnification, ×60). (A) The carcinoma cells are arranged mainly in a papillary pattern, with a scanty vascular core. Despite the structural differentiation, nuclear atypia and stratification favor the diagnosis of endometrioid carcinoma G2 rather than G1, but this is not sufficient to be diagnosed as serous carcinoma (hematoxylin and eosin staining). (B) The percentage of ER-positive carcinoma cells was evaluated as 20%, categorized as low expression (−). (C) The percentage of p53-positive carcinoma cells was evaluated as \~100%, categorized as high expression (+). ER, estrogen receptor.](mco-09-03-0269-g00){#f1-mco-0-0-1680}

![(A and B) Disease-free survival (DFS) and overall survival (OS) by the Kaplan-Meier method. (B) Patients with ER (+) had a favorable outcome compared with those with ER (−), with a statistically significant difference in OS. (C and D) Patients with p53 (+) had an unfavorable outcome compared with those with p53 (−), with a statistically significant difference in (C) DFS and (D) OS.](mco-09-03-0269-g01){#f2-mco-0-0-1680}

###### 

Histological and immunohistochemical profile of patients with endometrial carcinoma aged ≥70 years.

                              ER    Ki-67   p53               
  --------------------- ----- ----- ------- ----- ----- ----- -----
  Endometrioid Ca       63    50    13      16    47    16    47
  G1                    31    26      5       5   26      5   26
  G2                    21    18      3       7   14      8   13
  G3                    11      6     5       4     7     3     8
  Mucinous Ca             2     2     0       2     0     1     1
  Serous Ca               8     5     3       5     3     8     0
  Clear cell Ca           3     0     3       1     2     2     1
  Undifferentiated Ca     1     0     1       0     1     1     0
  Carcinosarcoma          2     0     2       0     2     1     1

ER, estrogen receptor; Ca, carcinoma.

###### 

Univariate and multivariate analyses.

  Variables                        HR (95% CI)           P-value
  -------------------------------- --------------------- ---------
  Univariate analysis                                    
    Histological type              4.836 (0.885-26.43)   0.069
    Depth of myometrial invasion   2.000 (0.365-10.95)   0.424
    Lymphovascular invasion        0.794 (0.145-4.346)   0.791
    ER                             0.162 (0.300-0.885)   0.036
    p53                            10.21 (1.191-87.46)   0.034
    Ki-67                          3.688 (0.940-19.61)   0.126
  Multivariate analysis                                  
    ER                             0.066 (0.006-0.774)   0.030
    p53                            14.55 (1.280-165.3)   0.031

HR, hazard ratio; CI, confidence interval; ER, estrogen receptor.
